Then 17 primigravid English Wistar rats with known duration of pregnancy were given Precitene-N from day 14. At day 17 the uterine vessels were ligated unilaterally.4 Ten dams received food supplements from day 17 to 19 inclusive. Supplements were given as concentrated solutions of 20 g Precitene-N in 12 ml water. According to the technique described by Waynforth, the solution was administered by the intragastric route using a 15 gauge needle with a bulbous tip on a 10 ml syringe.5 The rats were held firmly by the skin of the neck so that the head was immobile and the mouth opened. The needle, attached to the syringe, was then passed into the stomach. One to two ml of the Precitene-N solution were given at a time and maximum daily amounts were 16 ml. Equal amounts of physiologic saline were given in the same way to seven control rats. Meanwhile test and control dams always had free access to Precitene-N powder and water. Maternal body weight and total food uptake were recorded daily. The Wilcoxon matched pairs signed ranks test was used to evaluate the difference between food supplemented and sham treated dams. 733 group.bmj.com on April 4, 2017 -Published by http://adc.bmj.com/ Downloaded from
SUMMARY The effect of maternal hyperalimentation on intrauterine growth retardation was studied by performing unilateral uterine vessel ligation on day 17 in Wistar rats. Test animals were given food supplements by gavage for three days postoperatively whereas control animals received saline. The caloric intake and weight gain of the test dams was significantly greater than that of the controls from days 17 to 20 but not over the longer period, day 14 to 23. The survival and growth of fetuses in the unoperated horn were similar in test and control rats. Fetal survival in the ligated horn was doubled by maternal food supplementation but the growth and development of the survivors were not improved. Then 17 primigravid English Wistar rats with known duration of pregnancy were given Precitene-N from day 14. At day 17 the uterine vessels were ligated unilaterally.4 Ten dams received food supplements from day 17 to 19 inclusive. Supplements were given as concentrated solutions of 20 g Precitene-N in 12 ml water. According to the technique described by Waynforth, the solution was administered by the intragastric route using a 15 gauge needle with a bulbous tip on a 10 ml syringe.5 The rats were held firmly by the skin of the neck so that the head was immobile and the mouth opened. The needle, attached to the syringe, was then passed into the stomach. One to two ml of the Precitene-N solution were given at a time and maximum daily amounts were 16 ml. Equal amounts of physiologic saline were given in the same way to seven control rats. Meanwhile test and control dams always had free access to Precitene-N powder and water. Maternal body weight and total food uptake were recorded daily. In the definitive experiment where dietary intake was supplemented by gavage after unilateral uterine vessel ligation on day 17 of pregnancy, the food supplemented dams both received more calories and gained more weight from days 17 to 20, but when similar analyses were performed over the period 14 to 23 days no significant difference between the groups could be detected (table 1) . Dietary intake in the first three postoperative days was significantly down in both groups, more so in the sham treated.
Comparisons of the effects of uterine vessel ligation and maternal food supplementation are presented in table 2. Considering first the control horns: there was no significant difference between the food supplemented and sham supplemented groups in any parameter studied. The effect of uterine vessels ligation in the food supplemented group was to halve the number of survivors per horn and cause a small but significant reduction in their body weight, a significant reduction in plasma somatomedin like activity, placenta, pancreas, and liver weights but no significant change in the hepatic protein:DNA ratio. In the food supplemented group the mean (SEM) pancreatic B cell volume density of the survivors in the ligated horn was similar to that in the control horn (1-12 (0-09) and 1-41 (0-14)%, respectively) as was the fractional contribution of B cell weight to body weight (59 (4) and 69 (6) [sg/g, respectively).
In stark contrast, ligation in the sham supplemented group resulted in the death of all or all but one of the fetuses in the uterine horn. Four fetuses survived in seven ligated uterine horns. The body, organ, and biochemical characteristics of these four fetuses had the same relation to the fetuses in the control horn as had been noted between the fetuses in the ligated and control horns of the food supplemented group.
It was concluded that food supplementation protected against the fetal mortality associated with uterine vessel ligation but had no effect on the morbidity.
Discussion
These experiments were designed to study the effect of maternal food supplementation on fetal outcome in the presence of restricted uteroplacental circulation. The rat was chosen as the experimental model because of the large experience with uterine vessel ligation in this species but it was hoped that the results might have more general biological implications.
Nutritional supplementation can be given enterally or parenterally. Pilot experiments showed that the combination of laparotomy for uterine vessel ligation with constant intravenous infusion led to an unacceptably high maternal mortality, hence gavage was chosen to supplement maternal intake. The completely absorbable diet Precitene-N was used because it can be dissolved for gavage feeding as well as being eaten by rats in powder form. Although Precitene-N differs in detail from commercial rat chow, there are many similarities and it contains all the recommended nutrients for the rat. The preliminary experiment established that both mother and fetus fared equally well on either diet. Gavage was a satisfactory technique for food supplementation because the rat has a poorly developed vomiting reflex. 7 Under nembutal anaesthesia up to 6 ml Precitene-N could be given and supplementation of conscious rats with 1-2 ml at a time was easy. In general the rat eats according to its energy requirement and forced feeding is accompanied by reduced spontaneous food intake. In the present experiments food supplementation was important from day 17 to 20 when spontaneous food intake was low in the immediate postoperative period. At this time the food supplemented rats ingested roughly 30% more than the sham treated controls and they continued to gain weight, whereas over the whole study period of 14 to 23 days there was no significant difference in energy intake or weight gain of food supplemented or sham supplemented animals. The experiments were designed to permit analysis of the effects of maternal food supplementation and uterine vessel ligation separately and together. Gavage by itself had no effect, adverse or beneficial, on fetal outcome. Uterine vessel ligation produced a high fetal mortality with only one fetus maximum surviving in the experimental horn and three out of seven dams losing all the fetuses in the ligated horn. This result was clearly related to the colony of animals because the same investigator (F De P) had earlier performed identical operations on an English colony of Wistar rats with an average 54% fetal survival and 92% of the mothers having one or more living fetuses. The growth and composition of the four surviving fetuses was similar to that of the fetuses in the ligated horn of the food supplemented group; the difference between the two being in the number of survivors, on average two fetuses out of four survived in the food supplemented group and no food supplemented dam failed to have at least one survivor in the ligated horn. Thus food supplementation improved survival of fetuses experiencing uterine vascular impairment but had no effect on the size of the survivor. It remains a matter of speculation as to what effect food supplementation might have had on a colony in which spontaneous survival in a ligated horn was higher.
Analyses of fetal body and organ weight and composition gave similar results between the control and test animals for ligated and non-ligated horns, respectively. Fetal growth was most advanced in the non-ligated horns of the food supplemented rats where the fetuses were the most favoured by the experimental design. They also had the highest plasma somatomedin like activity, total liver DNA, and relative weight of B cells. These findings are compatible with the idea that the relative weight of B cells reflects the growth capacity of the fetus and they confirm the positive correlation between body weight and plasma somatomedin like activity described earlier.'8 Liver weight was strikingly lower in the test fetuses of both food supplemented and non-supplemented mothers confirming the findings of others. '9 The extent of the liver weight reduction, roughly 25%, was too great to be explained by glycogen alone. Analyses of protein and DNA showed preservation of the protein:DNA ratio in all subgroups of fetuses and the reduction of hepatic weight was therefore due to fewer, not smaller, cells. The similarity of placental weight in the subgroups indicates that maternal hyperalimentation does not influence fetal outcome by stimulating placental growth.
Extrapolation of these results to any other species would be inappropriate apart from the general and clear cut observation that fetal outcome can be importantly affected by the plane of maternal nutrition, particularly in a postoperative period late in gestation. 
